Compound 3
p-tert-Butylphenylacetylene (70 µL, 0.380 mmol) was added dropwise to a degassed suspension of 2 (100 mg, 0.127 mmol), PdCl2(PPh3)2 (20 mg, 0.028 mmol), CuI (5 mg, 0.028 mmol) in a mixture of THF/Et3N (1:2, 9 mL). The reaction was stirred at r.t. for 16 h. The mixture was diluted with CH2Cl2 (50 mL) and washed with NH4Cl(aq) (2 × 50 mL) the organic layer was separated and dried over anhydrous Na2SO4 and the solvent was removed under reduced pressure. The crude was purified by column chromatography (SiO2, Hexane/CH2Cl2 3:2) affording 3 (104 mg, 99%) as a yellow solid. M. p. > 300 ºC; 
Compound 5
An equimolar amount of 3 (119 mg, 0.145 mmol) and 2,3,4,5-tetrakis(4-tert-butylphenyl)cyclopenta-2,4-diene-1-one (4) (89 mg, 0.145 mmol) were placed in a Schlenk tube, dissolved in diphenyl ether (1 mL) and bubbled with Ar. The reaction mixture was placed in a sand bath and refluxed over 8 h. The crude was allowed to cool to room temperature and diluted with CH2Cl2 (10 mL) and purified by column chromatography (SiO2, Hexane/CH2Cl2 3:2) to afford 5 (67 mg, 33%) as a glassy yellow solid.
1
H NMR (500 MHz, CD2Cl2) δ = 9.04 (d, J = 8.6 Hz, 1H), 9.01 (d, J = 8.3 Hz, 1H), 4H), 2H), 8.50 (s, 1H), 8.43 (d, J = 1.4 Hz, 1H), 8.07 (t, J = 7.9 Hz, 1H), 7.90 (dt, J = 15.9, 7.6 Hz, 2H), 7.85 (dd, J = 7.1, 1.4 Hz, 1H), 7.82 (dd, J = 7.2, 1.4 Hz, 1H), S5 7.01 (d, J = 8.1 Hz, 2H), 8H), 8H), 6.74 (d, J = 8.2 Hz, 2H), 1.64 (s, 9H), 1.64 (s, 9H), 1.16 (s, 9H), 1.14 (s, 18H), 0.68 (s, 18H); 
Compounds 1 and 6
A solution of compound 5 (55 mg, 0.039 mmol) and DDQ (70 mg, 0.308 mmol) in dry CH2Cl2 (5 mL) was cooled to 0 -4 ºC in an ice-water bath, then trifluoroacetic acid was added (0.1 mL, 1.306 mmol) and the mixture was stirred for 10 min. The solution was diluted with CH2Cl2 (3 mL), then silica gel was added and the solvent removed. The crude was purified by column chromatography (SiO2, Hexane/CH2Cl2 2:8) to afford 1 (25 mg, 46%) and 6 (3 mg, 5% H NMR (500 MHz, tetrachloroethane-d2) δ = 10.12 (s, 1H), 9.81 (d, J = 8.1 Hz, 1H), 9.71 (d, J = 9.5 Hz, 1H), 9.70 (s, 1H), 9.66 (s, 1H), 9.60 (s, 1H), 9.56 (s, 1H), 9.52 (s, 1H), 9. 3H), 9.33 (s, 1H), 9.31 (d, J = 8.3 Hz, 1H), 2H), 9.11 (s, 1H), 8.83 (s, 1H), 8.19 (d, J = 7.2 Hz, 1H), 2H), 8.10 (d, J = 7.4 Figure S1 . 1 H NMR (400 MHz, CD2Cl2) spectrum of compound 3. Figure S2 . 13 C NMR (101 MHz, CD2Cl2) spectrum of compound 3 with residual hexane. Figure S3 . 1 H NMR (500 MHz, CD2Cl2) spectrum of compound 5. Figure S4 . 13 C NMR (126 MHz, CD2Cl2) spectrum of compound 5 with residual hexane. Figure S5 . 1 H NMR (500 MHz, tetrachloroethane-d2) spectrum of compound 1. Figure S6 . 13 C NMR (126 MHz, CD2Cl2) spectrum of compound 1. Figure S7 . 1 H NMR (300 MHz, CD2Cl2) spectrum of compound 6. Figure S8 . 19 F NMR (377 MHz, tetrachloroethane-d2) spectrum of compound 6.
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2D-NMR, VT-NMR, MALDI-HRMS and IR spectra of compound 1 Figure S9 . Partial 1 H-COSY (500 MHz, tetrachloroethane-d2) spectrum of compound 1. Figure S10 . Partial VT 1 H NMR (500 MHz, tetrachloroethane-d2) spectra of compound 1. Figure S11 . Partial NOESY-1D 1 H NMR (500 MHz, tetrachloroethane-d2) spectra of compound 1 at 101ºC showing the nOe response when irradiating each of the tBu groups. As expected nOe effect was only observed between two of the tBu groups (pale blue spectrum), which should correspond to those located on the [5]helicene moiety. Black spectrum correspond to the tBu zone of the 1 H NMR spectrum. 
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HPLC Traces
Racemic resolution of M and P enantiomers of compound 1 was carried out on an Agilent 1260 series equipped with the following modules: quaternary pump (G7111B 1260 Quat Pump), automatic sample injector (G2258A 1260 DL ALS), column thermostat (G1316A 1260 TCC), DAD detector (G7115A 1260 DADWR) and an automatic sample collector (G1364C 1260 FC-AS).
Analytical methodology
For analytical assays, CHIRALPAK ® IC analytical column packed with cellulose tris-(3,5-dichlorophenylcarbamate) immobilized on silica gel (5µm) was used. The column temperature was set at 25 °C and the flow was constant during operation (0.6 mL/min). The mobile phase gradient used is shown on Table S1 . 444 nm was selected as reference wavelength for the peak detection. Table S1 . Mobile phase gradient used for analytical racemic resolution of compound 1 Time (min) Hexane ( 
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Semipreparative methodology
For semipreparative assays, CHIRALPAK® IC semipreparative column packed with cellulose tris-(3,5-dichlorophenylcarbamate) immobilized on silica-gel (5µm) was used. The column temperature was set at 25 °C and the flow was constant during operation (3.8 mL/min). The mobile phase gradient used is shown on Table S2 . 510 nm was selected as reference wavelength for the peak detection. Figure S15. Chromatogram and peak information for the separation of P-1 and M-1 after the semipreparative run.
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Racemization studies
For racemization studies three solutions of enantiopure compound 1 (1 mg/mL) in hexadecane (3 mL) were heated at three different temperatures (140, 160 and 180°C) taking aliquots every 10 min (140 °C) or 5 min (160 ºC and 180 °C). These aliquots were analyzed by chiral HPLC in order to determine its enantiomeric excess.
Ln(ee%) values were plotted versus time and the data set for each temperature was fitted to a first order kinetic equation (1) 
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Photophysical properties of 1
The linear absorption spectra were recorded in a JASCO V-540 spectrophotometer. The fluorescence spectra were recorded using a Horiba Jobin Yvon Fluorlog 3-22 Spectrofluorimeter with a xenon lamp of 450 W. The spectra were recorded at μM concentrations in spectroscopic grade solvents. The fluorescence quantum yields were determined using Fluorescein in 0.1M NaOH as standard. The TPA spectra were measured by two-photon fluorescence (TPF) using Rhodamine 6G in methanol as standard to account for the collection efficiency and excitation pulse characteristics. S3 The excitation source was a Ti:sapphire laser (Tsunami BB, Spectra-Physics, 710-990 nm, 1.7 W, 100 fs, 82 MHz). A modified setup that follows the one described by Xu and Webb was used to estimate the TPA cross-section in the 710-990 nm region. S4 The two-photon absorption cross-section was calculated from the equation:
where F2 stands for two-photon induced fluorescence intensity,  is the one-photon excited fluorescence quantum yield, n refers to the refractive index in solution, C is the concentration and s and ref are relative to the sample and the TPA reference, respectively. The emission intensity dependence of the excitation power was checked to be quadratic.The two-photon emission was measured within a narrow wavelength bandwidth selected by the H20Vis Jobin Yvon monochromator placed at the entrance of a PMC-100-4 photomultiplyer tube (Becker and Hickl GmbH). The integrated intensity over the entire emission band was extrapolated using the emission spectra corrected by the detector sensitivity. The fluorescence intensity was measured in a single photon count mode by integrating the number of emitted photon in a 10 ns time interval after the excitation pulse. This time interval is limited by the repetition rate of our excitation source and due to the long emission lifetime of compound 1 (24 ns) it is shorter than the time needed to collect all the emitted photons. To extrapolate the total number of emitted photon a correction factor was estimated from the ratio of the number of photons emitted within 10 ns to the overall number of photons emitted determined from the lifetime measured in a different setup that does allow for collection of all the emitted photons. The emission lifetimes shown in Figure S18a were measured by the SinglePhoton Timing technique in a home-built setup using a linear excitation source operating at 330 nm with a 4MHz repetition rate (second harmonic of a Coherent Radiation Dye laser 700 series, 610-680 nm, 130 mW, 5 ps, 4 MHz), an Hamamatsu R2809U-01 MCP-PMT (290−700 nm) as the detector and an SPC-160 photon counting board from Becker & Hickl GmbH. The emission at 560 and 620 nm was collected at the magic angle. The instrument response functions (IRF) for deconvolution (280 ps FWHM) were generated by scattering dispersions of colloidal silica in water. The solution was kept under gentle stirring during the data collection. Blank decays were acquired to ensure that dark photon counts were negligible. Decay curves were stored in 1024 channels with 136.7 ps per channel and an accumulation of 20k counts in the peak channel. The fluorescence decays were analysed by a non-linear least-squares reconvolution method using the TRFA DP software by SSTC (Scientific Software Technologies Center, Belarusian State University, Minsk, Belarus). Recovering the species-associated emission spectra (SAEMS) for each one of the decay times was not possible due to the residual dependence of the amplitude associated with each time-constant on the emission wavelength. Figure S18 . Left: Absorption and excitation spectra of 1 in CH2Cl2 recorded in the 300-700 region. Right: absorption and fluorescence emission spectra of 1 in CH2Cl2. Emission was collected upon excitation at the absorption maximum at 444 nm. Figure S18a . Fluorescence emission decays of compound 1 in CH2Cl2 collected at 560 nm (in blue) and 620 nm (in red) and corresponding multiexponential fitting. The instrumental response function (IRF) is shown in green. For a better judgment of the quality of the fits, the residuals are presented and the fitting parameters are listed in the table.
Optical band gap
As commented in the manuscript, optical band gap was estimated from the curve crossing of the normalized absorption and emission spectra as 2.22 eV. The lowest energy S0→S1 transition, calculated at 527 nm (Table  S5) , is observed as a very weak band at 555 nm in agreement with its predicted weak oscilator strength. This band is only clearly observed in more concentrated solutions (10 -5 M). 
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Electronic circular dichroism and circularly polarized luminescence measurements
Electronic circular dichroism (ECD) spectroscopy and circularly polarized luminiscence (CPL) were recorded in an Olis DSM172 spectrophotometer with a xenon lamp of 150 W. The spectra were recorded at 1×10 -5 M concentrations in HPLC grade solvents. For ECD measurements a fixed slitwidth of 1 mm and 0.1 s of integration time were selected, the ECD spectra showed in Figure S19 are an average spectra calculated after 20 scans (each one). For CPL measurements a fixed wavelength LED (372 nm) and 1.0 s of integration time were selected, the CPL spectra showed in figure S21 are an average spectra calculated after 100 scans (each one). Figure S21 . Normalized fluorescence spectrum of 1 (bottom, blue line) and CPL spectra of the P (black line) and M (red line) enantiomers of 1 in CH2Cl2 at 25 ºC (top).
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Electrochemical measurements of 1
Cyclic Voltammetry (CV) and Square Wave Voltammetry (SWV) were carried out on a PGSTAT204 potentiostat/galvanostat (Metrohm Autolab B. V.) with a three electrode cell under Ar atmosphere at 25 ºC. A Ptwire counterelectrode, an Ag-wire quasireference electrode and a glassy carbon disk working electrode were used.
Freshly distilled THF was used as solvent to prepare a 0.1 M solution of tetra-n-butylammonium hexafluorophosphate (TBAPF6) which was used as work solution. Scan rate was 0.1 V/s. Potential values are referred to the ferrocenium/ferrocene (FeCp2 + /FeCp2) system, Fc added as an internal reference after each measurement. 
Spectroelectrochemical measurements of 1
Spectroelectrochemical measurements were carried out on a PGSTAT204 with an Autolab Spectrophotometer UB module on a three electrode cuvette (0.1 cm pathlenght) under Ar atmosphere at 25 ºC. A Pt-wire counterelectrode, an Ag-wire quasireference electrode and a Pt-mesh working electrode were used.
A 0.1 M solution of TBAPF6 in freshly distilled THF was used as work solution. A 1 mM solution of compound 1 was measured, and the new optical active species generated were observed. Scan rate was 0.1 V/s. Spectra were recorded every 50 mV from 198 to 765 nm. During a potential sweep, the new species generated exhibited significantly red-shifted absorption maxima at 710 and 680 nm upon oxidation and reduction, respectively, drastically diminishing the optical band gaps down to 1.74 eV upon oxidation and to 1.82 eV upon reduction (in this case, the optical band gaps have been estimated at the corresponding new absorption maxima). Spectroscopic measurements (UV-Vis and ECD) upon addition of magic blue were recorded inn an Olis DSM172. A solution of compound 1 (1×10 -5 M) in CH2Cl2 (3 mL) was prepared and then a solution of "magic blue" (15 µL, 2 mM) in CH2Cl2 were subsequent added. A fixed slitwidth of 1 mm and an integration time of 0.01 s for absorbance spectra and 0.1 s for ECD spectra were selected. A new absorption maxima shifted to 672 nm appears showing also a small response in ECD. 1 H NMR (400 MHz, CD2Cl2) spectra of compound 1 before (bottom, red) and after addition of 1 equiv. of "magic blue" (top, blue). 
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Single crystal X-Ray Analysis
Single crystals suitable for X-ray diffraction crystallography of 1 were grown by slow diffusion of methanol vapor into a solution of 1 in chlorobenzene. We have also grown X-ray diffraction quality crystals of 6 by slow evaporation of a solution of the compound in a CH2Cl2/hexane mixture. The X-ray diffraction data were collected on a Bruker D8 Venture diffractometer equipped with a Photon 100 detector. The structures were solved with the SHELXT S5 software (direct methods) and refined using the full-matrix least-squares against F 2 procedure with SHELX 2016 S6 using the WinGX32 S7 software. Hydrogen atoms were placed in idealized positions (Ueg(H) = 1.2Ueg(C) or Ueg(H) = 1.5Ueg(C)) and were allowed to ride on their parent atoms. A summary of the X-ray diffraction measurement and refinement data is given in Table S3 . During the refinement of 1 the structure of the molecule was established unambiguously and obtained with reasonable thermal ellipsoids. However large residual electron density, located mainly in the voids between the ribbon-shaped nanographene molecules, remained present and could not be modeled. This is probably due to the presence of disordered chlorobenzene molecules that occupy that space, as other two other solvent molecules in the assymetric unit that could be modelled were present in the structure. To tackle this issue, the SQUEEZE S8 routine included in PLATON S9 was applied and a density of 426 e -in an approximately 1400 Å 3 volume was identified. This density fits reasonably well with the presence of 7 molecules of chlorobenzene and possibly one extra molecule of methanol in the unit cell, solvents used in the crystallization. This density was removed and the data refined against the model. These solvent molecules removed with SQUEEZE were added to the cell unit contents and a last cycle of refinement was performed. Additionally, SIMU, DELU and ISOR instructions were used to model the disorder associated with a molecule of chlorobenzene present in the crystal of 1 and that of one of the t-butyl groups in 6. Both compounds have crystallized as a racemic mixture of the P and M enantiomers. 
Theoretical calculations
Calculations were done using Gaussian 09. S11 Ground state geometry optimizations were performed in vacuum for the different molecules at the B3LYP/6-31G(d,p) level, and frequency calculations were used to ensure that a minimum was reached. TDDFT calculations were done at the same level of approximation to estimate the Franck − Condon transition energies and the corresponding configuration interaction coefficients, transition dipole moments, and oscillator and rotatory strengths for one-photon absorption.
The overall agreement between calculated absorption and CD spectra at the B3LYP/6-31G(d,p) level of theory and the corresponding experimentally observed spectra is very good. Noteworthy is the fact that the lowest energy transition in the CD spectrum of M-1 is predicted with a positive sign when the observed sign is negative, and vice-versa for P-1. This transition has both a weak oscillator and rotatory strength whose relative magnitude in module is correctly predicted by the calculations. Being aware that calculation of bands with weak oscillatory and rotational strengths might be highly influenced by the functional and the basis set used, we also carried out DFT calculations of M-1 at the CAM-B3LYP(6-31G(d,p) level of theory but, despite the fact that at this level of theory the sign of the lowest energy transition is correctly predicted by the calculations, the overall agreement between the experimental data and the calculated transitions was not improved. Thus, only the best results in reproducing the experimental CD are included in the main text, which were obtained with the B3LYP functional.
We have optimized both diastereoisomers of compound M-1 with the saddle tropone 'up': anti-M-1 and 'down': syn-M-1 to the closer t Bu group of the M-helicene moiety. The DFT (B3LYP/6-31G(d,p)) theoretical free energy of the two diastereoisomers of M-1 showed that the anti-M-1 diastereoisomer is the most stable one (ΔG=12 kcal/mol) which is in agreement with the diastereoisomers observed in the X-Ray structures of both compounds 1 and 6. Therefore, in the ground state the population of the higher energy diastereoisomer syn-M-1 can be neglected at room temperature due to the relatively large energy difference that separates the two diastereoisomers. Figure S30 . Isodensity surface for the frontier molecular orbitals of anti-M-1 involved in lowest energy transitions observed. A brief description of the localization of the electron density is given in parenthesis: planar half, planar half of the molecules; core, sp 2 network including the helicene; heptagon, distorted half of the molecule including the heptagon; helicene, transitions localized in the helicene. Figure S312 . DFT (B3LYP/6-31G(d,p)) calculated structure of a purely hexagonal analogue of 1. Hydrogen atoms have been omitted for clarity. 
STM characterization
In order to test the feasibility of exploiting the ultimate resolution afforded by Surface Science techniques such as scanning tunneling microscopy (STM) under ultra-high vacuum (UHV) conditions, we have performed some preliminary tests on the deposition of 1 on a Cu(111) single crystal surface. The idea behind this study is trying to relate the macroscopic electronic and optoelectronic properties exhibited by this nanographene molecule to its topographical structure at the atomic level. However, the deposition of such big organic molecules on surfaces under HV/UHV conditions remains a big challenge as their large dimensions and molecular weight makes difficult their thermal sublimation before partial or total decomposition. To circumvent this problem, we have used a novel deposition method based on the injection inside the UHV system of microdroplets of a solution containing the molecule of interest by means of a fast pulsed valve. S12 This system allows for the deposition of soluble molecules and macro-molecules without decomposition and a minimum solvent contamination. Figure  S31 shows four room temperature (RT) STM images of the clean Cu(111) single crystal surface before (a) and after deposition of the CH2Cl2 solvent (control experiment, (b)) and of submonolayer coverage of 1 (c,d). As it can be clearly observed, the Cu surface is covered by homogeneously distributed elongated features with dimensions of approximately 2.3 nm and 1.3 nm along both axes, and 1.8 Å in apparent height, in contrast with the spikes associated to molecular diffusion observed when depositing the solvent. The good agreement between the dimensions obtained from STM and those extracted from X-ray crystallography allows us to assign these features to the nanographene molecule 1, as can be observed in the scaled superimposed model in Figure S31c . Higher resolution STM images revealing the distorted geometry of 1 were impossible to obtain given the diffusion of both solvent and 1 at RT when trying to approach the tip, as evidenced by the appearance of horizontal spikes in the STM images. It is worthy to note the weak surface-molecule interaction, dominated by van der Waals forces between the π electrons of 1 and the electron gas of Cu(111) This interaction is weakened by the presence of the tert-butyl groups which further separate the molecular plane from the surface. Although LT-STM images are required to obtain high-resolution images of 1, this preliminary study shows the feasibility of depositing 1 under ultra-clean conditions on a single crystal surface, opening a door towards in-depth atomic characterization of its electronic, optoelectronic, and chiral properties. 
Methods
Scanning tunneling microscopy (STM) images have been obtained with a room-temperature STM (Scienta Omicron) attached to an UHV chamber with a base pressure of 1.0×10 -10 mbar. All images were obtained in constant current mode and analyzed with the WSxM software. S13 A Cu(111) surface was used as support for the molecules. Before deposition, the surface was cleaned by repeated cycles of Ar+ sputtering (1.0 kV) and annealing (450 ºC) until judged clean by STM. Nanographene molecule 1 was deposited from a 0.2 mM solution in CH2Cl2 using a pulsed-injection valve described elsewhere. S12 To avoid contamination of the UHV chamber during deposition, the injection valve was installed in the fast entry lock (FEL), which has a base pressure of 5×10 -8 mbar. Injection pulses in the range of milliseconds were applied in order to obtain submonolayer coverage. The pressure in the FEL increased to 10 -2 mbar during the duration of the pulse, typically 5 ms.
